Introduction
A teacher's learning journey is an on-going process throughout the teacher's professional life. The classroom is continuously changing and therefore the teacher must be ready to meet those changes [1] .
In addition to the constant change, roughly 30% of chemistry and physics teachers did not major in those fields nor are they certified to teach those subjects. A quarter of math teachers do not hold math degrees [2] . Thomas Luce, former assistant secretary at the U.S. Department of Education, notes that a certificate to teach math or science is not enough. "In our mind, a certificate doesn't necessarily mean somebody has content knowledge," he says. Although subject certification varies from state to state, Luce says that taking one chemistry course in college might qualify a teacher to teach the subject. "If you don't have content knowledge then it's very difficult to not only teach the class, but it's virtually impossible to inspire somebody." [3] With the Next Generation of Science Standards (NGSS), STEM teachers, particularly teachers in the field of science will be required to incorporate engineering principles. K-12 schools today face a dilemma of creating stand-alone engineering courses or integrating engineering concepts and applications into the different content areas in the curriculum. While few engineers transition to the classroom with degrees in engineering, these numbers are minimal for meeting the needs of students in K-12 classrooms today. For most schools the program will need to integrate STEM education. Therefore math and science teachers will need support in developing and integrating engineering concepts.
The Engineering Scholars Training and Retention (STAR) Center created a way for teachers to delve into engineering education. Offering three professional development days over the course of 13 months, STEM teachers from elementary, middle, and high schools were able to attend mini-workshops conducted by college engineering professors.
When choosing a professional development program, it is necessary for the sessions to be engaging and informative. Many programs focus on individuals without considering the importance of group learning. In such programs, teachers focus on how they themselves can improve, but forget the important aspect of how their students can improve. This results in little accomplished for the teachers, and even less for their students [4] . The purpose of this program was to include K-12 teachers and higher education professors working together to integrate engineering principles in math and science lesson plans that would impact K-12 student learning. This approach provided an exchange of information between professors and teachers in engineering concepts and classroom pedagogy.
As part of a National Science Foundation grant, the Engineering Scholars Training and Retention (STAR) Center offered a professional development opportunity that brought together teachers and college engineering faculty to form a partnership to create dynamic lesson plans that promote inquiry, problem solving skills and hands-on activities in the classroom. Very often students say that the STEM areas can be difficult and uninteresting. By providing three full day face-to-face professional development sessions, constant communication with the engineering professors, and peer review with other teachers within the program, teachers were able to develop lesson plans that not only informed and included all students, but were able to engage PK-12 students in hands-on activities that provoked inquiry throughout the lesson.
Designing a Professional Development Program
The professional development program included three full day face-to-face workshops with K-12 teachers working collaboratively with engineering professors. The workshops were held in September 2015, February 2016, and September 2016. This delivery plan allowed for progressive development of teachers and professors in creating and teaching engineering concepts in PK-12 classrooms. In addition to the three professional days, on-going professional development continued via email and telephone conversations with development of lesson plans, review of the plans, assistance in teaching the plans as requested by the K-12 teachers, and sharing the lesson plans through the STAR website.
Forty schools associated with the College through the School of Engineering or School of Education were invited to participate in the professional development. The original intent was for a select group of 24 teachers to engage as a cohort over the thirteen month period. However, the target of 24 teachers was not met although more than 300 teachers were invited to this program. A total of three teachers attended all three full day professional development sessions. An additional ten teachers attended two of the three face-to-face sessions.
To qualify for participation in this program, teachers had to teach one of the STEM subjects (science, technology, engineering, or mathematics) or had to make a strong proposal why their content area supported STEM education. Of the 37 teachers who attended the professional development program, 36 taught a STEM subject. One teacher taught art. Twenty teachers taught in high schools, twelve in middle schools, and five were elementary teachers.
The Format of the Face-to-Face PD Sessions
Focusing mainly on middle and high school students, the lessons needed to be informative, but also engaging. These learning experiences for students in math and science can be important factors when deciding their futures. Exposing students to STEM fields increases a more technical engineering education through the development of hands-on activities in school and at home. Few students today get a glimpse of engineering concepts. The purpose of Engineering Scholars Training and Retention (STAR) Center was to provide professional development days to encourage current math and science teachers to incorporate engineering into their curriculum.
In planning the professional development days, the PIs determined originally that the engineering professors would select a topic based on their area of expertise for the individual sessions for each of the face-to-face sessions. Professors were invited to participate in the program based on recommendations from the Dean of the School of Engineering and the chair persons of the four engineering programs: civil and environmental, chemical, electrical and computer, and mechanical. A total of 12 professors participated in the program.
Prior to the actual professional development day, the topics were emailed to the participating teachers. The teachers were directed to choose three topics of interest and place them in order of preference. The STAR team reviewed teacher requests and assigned teachers to their selected topic area. Table 2 includes the topics emailed to the teachers for the first two professional development days. These topics were determined by the engineering professors. Teachers were emailed an overview of the workshop they were assigned and provided with materials they could preview before the professional development day. Table 3 is a sample of the topic information. 
Optimal for Biology Teachers
For each face-to-face professional development day, a keynote speaker addressed the engineering professors and the K-12 teachers on a topic relating to engineering education. Following the keynote, teachers met with their assigned professor. The professor presented information on the engineering topic of the day and the teacher and professor engaged in a hands-on activity to further enhance understanding of the topic. The teacher and professor then discussed ways to develop a lesson plan for the teacher's students. During the next several weeks the teacher drafted a lesson plan and emailed it to the professor. After adjustments were made to the plan, the teacher submitted a revised copy of the plan to the STAR review team. The review team provided additional feedback to the teacher who then made a final revision of the plan and submitted it for publication to the STAR website.
Lesson Plan Submission
Teachers were instructed to inform the STAR team when they would teach the lesson and to request assistance from the team if they needed help with teaching the lesson. From the first Professional Development Day fourteen teachers submitted plans and were given review. Of those 14, eight teachers completed revisions and taught the lesson. From the second Professional Development Day, ten teachers submitted plans and nine made revisions and taught the lesson. Table 4 provides the information on these taught lessons. 
Follow Up on Lesson Plans
The STAR team made five to six attempts to assist teachers in bringing lesson plans to completion. Emails were sent to the teachers asking if they needed assistance. Phone calls followed the emails and STAR team members offered to meet with teachers at the College or at their schools to assist with finishing the lesson plans. This was when the team decided they needed to try a new strategy for the teachers. To the present day nineteen lesson plans from the first two sessions remain incomplete.
A New Approach
The team decided to try a new approach for the third and final Professional Development Day. During the two previous professional development day sessions, a post-workshop survey was given to the teachers who attended the workshops. In the survey, the teachers expressed a need for workshops or topics relevant to their own curriculum. As a response to this request, the STAR Center strayed from the previous method of allowing the engineering professors to choose topics for the workshops. The team reviewed curriculum topics teachers would address in math and/or science classes. They developed a list of topics and emailed these to the teachers who would attend the third Professional Development Day. Teachers were asked to select their top three preferred topics and email these to the team. Again, differing from the process in the previous professional development days, teachers requested to receive a brief description of what the workshop would entail. As seen in Table 6 , a workshop description included an introduction to the topic, background information, materials, and important questions to consider throughout the workshop. The STAR team then provided the selected topics to the professors who then created a more inclusive description (see Table 6 ) to be shared with the teachers. 
Mathematical Curves and Gears
Professor: Saboori -Mechanical Engineering Introduction: Gears are often used to transmit power within a machine while changing the operating speed of the system at different locations within the machine. While doing this, it is also important for the machine to operate in a uniform and steady manner, and this can be achieved if both gears maintain a constant velocity during the time that they are in contact. However, this only occur if the teeth of the gears are shaped correctly, which was not the case with old medieval cog based systems. Background: There are a number of gear profiles that can be used to ensure a constant velocity ratio when two gears are meshed; however, the two most common are the cycloidal (Fig. 1 ) and involute profiles (Fig. 2) . The cycloidal gear was designed by Girard Desargues in the 17 th century, while the involute gear was designed by Leonhard Euler in the 18 th century. In both cases it I important to understand the mathematical equations that are associated with these profiles to ensure that they are manufactured correctly and that their optimal operating conditions can be identified. For example, involute gears maintain a constant pressure angle, are easier to make, and are insensitive to variation in the distance between centers, while cycloidal gears have stronger teeth, are less prone to wear, and have no problem with interference at tip and root. Materials (Software): To illustrate how these profiles can be generated and thereby allow the associated equations to be identified a free software app called Autodesk ForceEffect can be used. The software will also be used to illustrate the operation of simple and compound gear trains and the three basic mechanism (four bar linkage, slider crank, and rotating slider) used in mechanical systems. Questions: What are some of the characteristics of the cycloid?
What are some of the characteristics of the involute)? What are the features of the four bar linkage, slide crank, and rotating slider and how can each be used in a machine? References: https://en.wikipedia.org/wiki/Cycloid https://en.wikipedia.org/wiki/Involute This approach of letting the teachers decide on the topic seemed to give them a greater sense of ownership in the process. Instead of the professor deciding what to teach, the classroom teacher made the decision based on his or her curriculum needs.
Following the keynote presentation, the engineering professors met with their assigned teachers to begin the development of the chosen engineering topics. Each group reviewed the content and the important concepts of their specific engineering topic. Each professor explained the material and ideas using worksheets, PowerPoint presentations and, where applicable, videos. Some groups were able to begin their hands-on activities right away, while other professors allowed the teachers to ask questions and to make sense of the concepts while explaining some of the information. Each group was given the specific lesson plan template to follow when completing the plan over the next few weeks.
During the afternoon session, teachers began or continued experimenting and testing many of the concepts presented by the engineering professor and determined how these concepts fit into their own curriculum. Both professionals were able to brainstorm and offer new ideas and creative concepts to present this material to students based on the particular level and content taught by the teachers in the schools.
As done in the previous professional development days, an evaluation was given to those who attended the workshops and the engineering professors. The evaluations asked the teachers to rate the workshops by providing the session and professors name and followed the same format with 12 survey questions and 3 short answer responses, for example "What aspect(s) of the workshop did you most appreciate or enjoy?" and "What do you need more of to be able to do the work discussed in today's workshop?" Teachers were asked to draft their individual lesson plans and continue to work with their engineering professor toward a final draft. Once submitted to the Engineering STAR Center, lesson plans were reviewed using the created rubric for evaluation and then approved for presentation in their respective classroom.
Evaluation Findings
When the time came to evaluate the effectiveness of the professional development day, the evaluations (Appendix A) provided insights into whether the teachers found the day informative and engaging. The results of the first section of the evaluation can be found in Table 7 . The results of the survey were positive. Teachers also were asked to respond to three short answer questions: (1) What aspect(s) of the workshop did you most appreciate or enjoy? (2) What aspect(s) of the workshop did you least appreciate or enjoy? (3) What do you need more of to be able to do the work discussed in today's workshop? Focusing on the first questions, teachers appreciated being able to work with an engineering professor in a small group. This allowed them to ask questions, think about real-world applications, and be able to communicate with colleagues about engineering concepts. Another positive aspect of the professional development day was the keynote speaker. Many of the teachers commented on how they enjoyed the keynote speaker's ideas on how to incorporate STEM, STEAM, and STREAM into their classrooms. This gave the teachers confidence in teaching difficult topics to their students. In the same way, the engineering professors responded positively to the professional development day. Many enjoyed working with teachers and learning classroom practices, as well as lesson planning skills and techniques. One response that shows the benefit of this program is the engineering professors appreciated speaking with the teachers about the challenges they face when teaching difficult topics to their students.
In the second and third questions, teachers offered suggestions to improve the program. While many teachers felt the day was paced well, some felt the day went too quickly. They would have appreciated more time working with the engineering professors. While the communication between professors and teachers was positive, one teacher felt her group focused on the constraints the lesson may have instead of how to move forward in adapting the lesson for the classroom and the resources the school had.
Results of the Change
Though the evaluations and teacher comments offered insights to the success of the program, reviewing the quality of the teacher prepared lesson plans provided evidence as to the success and needed changes of the professional development program. The STAR Center used the same rubric from the previous professional development days to review the lessons. The rubric is Appendix B. The rubric included three components for evaluating the quality of the plan: completeness, clarity, and incorporation of engineering principles, and used a rating scale of highly effective, effective, developing, and ineffective. STAR reviewers determined that in order for the plan to be approved, the lesson had to receive ratings of highly effective or effective in at least two of the three components.
This change in how topics were decided seemed to make a difference for the teachers. Of the 17 teachers in attendance at the third professional development day, 14 teachers submitted lesson plans for review. This was a larger percent of submission than the previous professional development days. Of the 14 lesson plans submitted and reviewed, 82% of the lessons were highly effective or effective, with 18% of the lessons rated developing or ineffective. While the highly effective and effective lessons were given approval to teach in their respective classrooms, feedback was given for creative ideas and/or on how to improve the lesson. In some cases, simple clarifications of notes or comments were needed. In other cases, missing sections of the lesson needed to be included. By having the engineering professors work closely with the teachers throughout the process, the experience exposed the professors to the requirements of preparation in a middle and high school classroom, as well as the challenges faced. The experience also allowed middle and high school teachers to explore higher-level engineering topics that could be incorporated into middle and high school curriculum.
This approach of letting teachers determine the topic may produce better results for future professional development. While this is a small sampling for professional development, we recommend that other considerations be reviewed for enhancing this type of professional development.
Limitations
Though the feedback was positive regarding this professional development day and a greater number of lesson plans were submitted and approved, there is always need for change and improvement. When preparing many of the lessons, teachers were aware that certain materials may be costly; however, it should not be a reason to not attempt the lesson. As in prior professional development days, teachers and professors created a way to substitute certain materials with common household items. For example, plastic water or soda bottles could be used in place of filtration apparatus. Purchasing kits online was another alternative offered by the professors versus building materials from scratch.
By creating relationships with the engineering professors at the College, the teachers now have the opportunity to contact professors regarding materials and substitutions for items that may be out of reach for certain schools. A new feature of the STAR Center was a materials lending library. Teachers can borrow needed materials to incorporate in their engineering lesson plans. The library enables schools the opportunity to bring engineering into PK-12 classrooms and introduce students to the world of engineering.
A major question remains as to why the number of teachers who responded to the invitation for professional development was minimal. Only 37 teachers out of a possible 300 considered the invitation. Another question is why teachers did not attend all three sessions. For each lesson plan a teacher developed and taught they received a stipend. Some teachers completed the revised lesson plan, yet never submitted evidence they taught the lesson.
In informal conversations with participants, these questions were asked seeking their insights. Some indicated that having a workshop on a Saturday was not preferred by teachers; they would rather the workshop be on a school day. Another participant mentioned that the $400.00 stipend they received for completing and teaching the lesson plan is not enough of an incentive. Another participant indicated that teacher union regulations prohibited teachers from participating in extracurricular activities. Additional research into these questions may provide greater insights for planning future professional development.
Survey results revealed how the workshops were most helpful. Teacher responses included: concepts were demonstrated in a simple way, excellent ideas to teach tough concepts, hands-on experiments, built confidence in teaching materials, small groups, diverse day of lecture workshop and mini-sessions, a chance to ask questions, think about applications, and talk to colleagues, fun. Ninety to 100 % of the participants strongly agreed or agreed that the workshop was applicable to their job and they would recommend the program to other colleagues.
Next Steps
To determine what more could be provided for the teachers, the STAR team will send a final survey asking teachers specific questions about the experience. Among the questions will be a question on completing lesson plans and how this could be accomplished even better. The STAR team is hopeful that the responses will give additional insights into how to further develop professional development that matches K-12 teachers with engineering professors. Professors will also be surveyed for ways they determine to improve the professional development experience for teachers.
Conclusion
The Engineering STAR Center has come a long way from its early stages. Offering a series of three professional development days for teachers in elementary, middle, and high school, the Center helped bridge the gap in engineering education. The professional development supported creativity in the classroom through long-term trials and observations of the wide variety of instructional techniques that can be applied to improve student learning [6] . Working with the teachers, the engineering faculty was made more aware of the challenges that occur in classrooms and were able to bring their own creativity to the topics, while also learning about classroom practices. "As concerns mount over the college preparation and ongoing professional development of teachers, a tremendous opportunity exists to systematically address national STEM education imperatives. K-12 and higher education partnerships could allow systematic study and application of the collaborative work…as STEM faculty gain teaching knowledge and apply it to higher education courses." [7] As the need for STEM education increases, programs such as the STAR Center will help teachers delve deeper into engineering education. 
